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Amendments to the Drawings : 

Please replace current Figures 3A-3C with the replacement 
Figures 3A-3C attached hereto as Exhibit C. 



Applicants: Stephen P. Goff and Guangxia Gao 
U.S. Serial No.: 10/568,396 
Filed: August 31, 2006 

Page 12 of 23 of December 22 , 2009 Amendment 



Sequence Listing ; 

Please insert into the application the Sequence Listing attached 
hereto as Exhibit D. 
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REMARKS 

Claims 1-7, 37 and 57-61 are pending. Applicants have 
hereinabove amended claims 1, 7, 37 and 58 and have canceled 
claims 2-5 and 60-61 without disclaimer or prejudice to 
applicants' right to pursue the subject matter of these claims 
in the future. Support for the amendments to claims 1, 37 and 58 
can be found in the specification as originally filed at, inter 
cilia, page 11, line 31 to page 12, line 2, page 12, lines 25-32, 
and page 24, lines 24-25. Support for the amendment to claim 7 
can be found in the specification as originally filed at, inter 
alia, page 12, lines 20-21. After entry of this Amendment claims 
1, 6, 7, 3 7 and 57-59 as amended will be pending. 

Objection to Specification 

The July 22, 2009 Office Action objected to the disclosure of 
the specification because of the following informalities: 

(1) The abbreviations PKR, Mx, ZAP and GAPDH should be spelled 
out in full for the first instance of use. 

(2) There is an inconsistency between the identification numbers 
of the references cited in the text on page 28 and the numbers 
included in the Reference list on pages 30-31. 

Applicants ' Response 



In response, Applicants herein provide replacement paragraphs to 
amend the specification. 
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Specifically, Applicants have amended the specification on page 
1, line 23 to recite protein kinase R (PKR) ; on page 1, line 25 
to recite myxovirus-resistance (Mx) proteins ; on page 2, line 3 
to recite Zinc-finger antiviral protein (ZAP) protein ; and on 
page 8, line 9 to recite g ly c e r a 1 dehy de - 3 - pho s pha t e 
dehydrogenase ( GAPDH ) . Additionally, some typographical errors 
were corrected in the replacement paragraphs . 

Additionally, Applicants herein provide a replacement paragraph 
correcting the numbers referencing the cited publications listed 
on pages 3 0-31 of the subject specification. 

Objection to Drawings 

In the July 22, 2009 Office Action the Examiner objected to the 
drawing of Fig. 3B filed February 13, 2006 asserting that "CCCH 
Fingers" should be changed to "CCCH finger motifs" as set forth 
in the specification (p. 7, lines 12 and 13). 

Applicants ' Response 

In response, Applicants attach hereto as Exhibit C a replacement 
sheet for Figures 3A-3C, wherein the label of Fig. 3B has been 
revised. 
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Sequence Compliance 

The July 22, 2009 Office Action contained a Notice to Comply 
with Requirements for Patent Applications Containing Nucleotide 
Sequence and/or Amino Acid Sequence Disclosures (the "July 22, 
2009 Notice") that indicates the application fails to comply 
with 37 C.F.R. §§1.821-1.825. Applicant attaches hereto a copy 
of the Notice as Exhibit: A. 

In response, applicant notes that the July 22, 2009 Notice set 
forth a time period to reply of one month from the issue date of 
the July 22, 2009 Notice . The July 22, 2009 Notice further 
indicated that extensions of time were available upon payment of 
a fee. In order to avoid paying an extension fee, applicant 
responded to the July 22, 2009 Notice within the required one- 
month period. The Examiner issued an October 22, 2009 
Communication, a copy of which is attached hereto as Exhibit B, 
indicating that the reply was not fully responsive to the July 
22, 2 009 Office Action . However, applicant notes that the 
Amendment In Response To July 22, 2009 Notice To Comply, filed 
August 18, 2009, was filed in response to the Notice to Comply , 
as indicated in the Amendment, not the Office Action . 
Accordingly, applicant maintains that the Communication issued 
October 22, 2009 was not properly issued. If the Examiner's 
logic set forth in the July 22, 2009 Notice was followed, 
applicant would have been required to pay a two-month extension 
of time fee for the Sequence Listing Amendment if applicant had 
filed the response concurrently with a response to the Office 
Action at the three-month date, i.e. October 22, 2009. Applicant 
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further notes that this issue was pointed out to Examiner Liu in 
an October 15, 2009 telephone conference with Mr. Brian Amos of 
the undersigned's Office, which teleconference was initiated by 
Examiner Liu. Applicant therefore respectfully requests 
withdrawal of the October 22, 2009 Communication because of any 
adverse effect it would have on Patent Term Adjustment otherwise 
available to applicant. 

Nevertheless, in order to advance prosecution, applicant is re- 
submitting as part of the current response amendments to conform 
the application with 37 C.F.R. §§1.821-1.825. 

Applicant attaches hereto a paper copy Sequence Listing as 
Exhibit D, a Statement in accordance with 37 C.F.R. 
§1 . 821 (f ) and(g) as Exhibit E, and a computer readable format 
Sequence Listing as Exhibit F. 

The computer readable format Sequence Listing and paper copy 
Sequence Listing contain no new matter as required by 37 C.F.R. 
§1.821 and 37 C.F.R. §1.825. 

Applicant has amended the specification to include the 
appropriate references to the sequence identification numbers. 
Applicant has also added the appropriate sequence identification 
numbers to Figure 3B and a replacement sheet for Figures 3A-3C 
is attached hereto as Exhibit C. 
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Claims Rejected Under 35 U.S«C. §112, First Paragraph 

In the July 22, 2009 Office Action the Examiner rejected claims 
1-4, 6 and 7 as allegedly containing subject matter which was 
not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the 
inventors, at the time the application was filed, had possession 
of the claimed invention. The Examiner asserted that without 
setting forth a SEQ ID NO or indicating that the claimed protein 
is a full-length polypeptide from a certain species and/or 
reciting a biological function thereof, an * isolated ZAP 
protein" is drawn to genus of "ZAP proteins" including fragments 
or mutated variants of the full-length polypeptide, for which 
there is insufficient disclosure in the instant specification. 

Applicants ' Response 

In response, applicants respectfully traverse the Examiner's 
rejection. However, without conceding the correctness of the 
Examiner's position, applicants have hereinabove amended claim 1 
to recite a " mammalian Zinc-finger antiviral protein (ZAP) 
protein which (a) comprises four CCCH-type zinc finger motifs; 
and (b) when present in a mammalian cell infected with a 
retrovirus, binds to RNA of the retrovirus, so as to inhibit 
replication of the retrovirus in the cell" (emphasis added) . In 
accordance with the Examiner's suggestion, applicants have 
limited the claims to the mammalian form of the ZAP protein that 
contains a structural motif of four CCCH-type zinc fingers and 
binds to RNA corresponding to a retrovirus to inhibit 
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replication of that retrovirus. Thus, the claims can no longer 
be construed to encompass ZAP proteins, including fragments or 
variants thereof, that are biologically inactive for the purpose 
of inhibiting viral replication, and Ramos et al . is no longer a 
relevant prior art reference. 

Accordingly, applicants maintain the invention as now claimed 
meets the written description requirement and therefore 
respectfully request reconsideration and withdrawal of this 
ground of rejection. 

Anticipation Rejection Under 35 U.S.C. 5102(b) 

The July 22, 2 009 Office Action rejected claims 1 and 2 under 35 
U.S.C. §102 (b) as allegedly anticipated by Hatada et al . (US 
Patent No. 6251620 Bl) because they teach a human "ZAP" protein 
called w ZAP NC" (col. 2, line 30). 

Claims 1 and 2 were also rejected under 35 U.S.C. §102 (b) as 
allegedly anticipated by Babiyuchuk et al. (US 2001/0011381 Al) 
because they teach a purified human PARP which is a Zn-finger 
containing protein of ZAP family (class) . 

Applicants ' Response 

In response, applicants respectfully traverse the Examiner's 
rejection. However, without conceding the correctness of the 
Examiner's position, applicants have hereinabove amended claim 1 
to recite a " mammalian Zinc-finger antiviral protein (ZAP) 
protein which (a) comprises four CCCH-type zinc finger motifs; 
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and (b) when present in a mammalian cell infected with a 
retrovirus, binds to RNA of the retrovirus, so as to inhibit 
replication of the retrovirus in the cell" (emphasis added) . The 
limitation to a mammalian protein in conjunction with the 
recitation of structural features ("four CCCH-type zinc finger 
motifs") and functional features ( "when present in a mammalian 
cell infected with a retrovirus, binds to RNA of the retrovirus, 
so as to inhibit replication of the retrovirus in the cell") 
unambiguously differentiates the claimed protein from the prior 
art . 

In the July 22, 2009 Office Action, the Examiner asserted that 
Hatada et al . teach a "ZAP" protein (ZAP NC) ; however, in their 
disclosure, "ZAP" stands for " zeta-associated protein," which is 
a protein tyrosine kinase. See, Hatada et al . , Nature, 1995 Sep 
7; 377 (6544) :32-8, page 32, column 1, attached hereto as Exhibit 
G. The zeta-associated protein (ZAP) of Hatada et al . is not a 
mammalian Zinc-finger antiviral protein comprising four CCCH- 
type zinc finger motifs that binds to RNA corresponding to a 
retrovirus, so as to inhibit replication of the retrovirus in 
the cell. Thus, applicants' "Zinc- finger antiviral protein" is 
not anticipated by Hatada et al. 's "zeta-associated protein" and 
Hatada et al . should be removed as a prior art reference. 

The Examiner also asserted that Babiychuk et al . teach a 
purified human PARP which is a Zn-finger containing protein of 
"ZAP family (class)." In their disclosure, "ZAP" stands for "Zn- 
finger poly (ADP-ribose) polymerase," which catalyzes the 
transfer of an ADP-ribose moiety derived from NAD+ (nicotinamide 
adenine dinucleotide), mainly to the carboxyl group of a glutamic 
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acid residue in the target protein, and subsequent ADP-ribose 
polymerization. See, Babiychuk et al . [0007] and [0054]. The Zn- 
finger poly (ADP-ribose) polymerase (ZAP) of Babiychuk et al. is 
not a mammalian Zinc-finger antiviral protein comprising four 
CCCH-type zinc finger motifs that binds to RNA corresponding to 
a retrovirus, so as to inhibit replication of the retrovirus in 
the cell. Thus, applicants' * Zinc-finger antiviral protein" is 
not anticipated by Babiychuk et al.'s "Zn-finger poly(ADP- 
ribose) polymerase" and Babiychuk et al . should also be removed 
as a prior art reference. 

Accordingly, applicants respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 
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Obviousness Rejection Under 35 U.S.C. 8103(a) 

The July 22, 2009 Office Action rejected claims 1 and 3-5 under 
3 5 U.S.C. §103 (a) as allegedly unpatentable over Gao et al . 
(Science (2002, Sept. 6) 297, 1703-1706). 

Applicants ' Response 

Initially, applicants note that the subject application claims 
the benefit of the August 13, 2003 filing date of U.S. 
Provisional Application No. 60/494,764 (hereinafter tt the 
Provisional Application"). Applicants further note that claims 
1, 6, 7, 37 and 57-61 are fully supported in the disclosure of 
the Provisional Application. Specifically, support for claim 1 
can be found in the Provisional Application as originally filed 
at, inter alia, page 11, line 31 to page 12, line 2, page 12, 
lines 25-32, and page 24, lines 24-25. Support for claims 6 and 
7 can be found in the Provisional Application as originally 
filed at, inter alia, page 13, lines 14-16. Support for claim 
37 can be found in the Provisional Application as originally 
filed at, inter alia, page 15, lines 25-29. Support for claim 
57 can be found in the Provisional Application as originally 
filed at, inter alia, page 15, line 30. Support for claim 58 
can be found in the Provisional Application as originally filed 
at, inter alia, page 11, line 31 to page 12, line 2, page 15, 
line 32 to page 16, line 3. Support for claim 59 can be found in 
the Provisional Application as originally filed at, inter alia, 
page 16, lines 5-6. Support for claim 60 can be found in the 
Provisional Application as originally filed at, inter alia, page 
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16, lines 6-7. Support for claim 61 can be found in the 
Provisional Application as originally filed at, inter alia, page 
16, lines 7-8. 

Applicant notes that Gao et al . is applicants' own publication 
and attaches hereto as Exhibit H a Declaration Under 37 C.F.R. 
§1.132 by Dr. Stephen P. Goff declaring that he and Dr. Guangxia 
Gao are the inventors of the invention in claims 1, 6-7, 37 and 
57-61, and that the other author listed on Gao et al . (Science 
(2002, Sept. 6) 297, 1703-1706), i.e. Xuemin Guo, did not 
contribute to the conception of the invention in claims 1, 6-7, 
37 and 57-61. Gao et al . is applicants' own work. Thus, Gao et 
al . is not prior art and cannot be used to support an 
obviousness rejection under 35 U.S.C. §103. 

Accordingly, applicants respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 
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If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone him at the number 
provided below. 

No fee, other than the $245.00 fee for a two-month extension of 
time, is deemed necessary in connection with the filing of this 
Amendment. However, if any other fee is required, authorization 
is hereby given to charge the amount of any such fee to Deposit 
Account No. 03-312 5. 



Respectfully submitted, 




I hereby certify that this 
correspondence is being deposited 
this date with the U.S. Postal 
Service with sufficient postage as 
first class mail in an envelope 
addressed to: Mail Stop Amendment, 
Commissioner for Patents, P.O. Box 
1450, Alexandria, VA 22313-1450 



Joftq^p. White 
Registration No. 28,678 
Attorney for Applicants 
Cooper & Dunham LLP 
30 Rockefeller Plaza 
New York, New York 10112 
(212) 278-0400 
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Commissioner for Patents 
United States Patent and Trademark Office 
Washington, DC 20231 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

Commissioner of Patents 

This application contains sequence disclosures that are encompassed by the definitions for nucleotide and/or 
amino acid sequences set forth in 37 C.F.R. § 1.821(a)(1) and (a)(2). However, this application fails to comply with the 
requirements of 37 C.F.R. §§ 1.821-1.825 for the reason(s) set forth on the attached Notice To Comply With 
Requirements For Patent Applications Containing Nucleotide Sequence And/Or Amino Acid Sequence Disclosures. 
Applicant must comply with the requirements of the sequence rules (37 CFR 1.821 - 1.825) before the application can be 
examined under 35 U.S.C. §§131 and 132. 

APPLICANT IS GIVEN ONE MONTH FROM THE DATE OF THIS LETTER WITHIN WHICH TO 
COMPLY WITH THE SEQUENCE RULES, 37 C.F.R.. §§ 1.821-1.825. Failure to comply with these requirements will 
result in ABANDONMENT of the application under 37 C.F.R. § 1.821(g). Extensions of time may be obtained by filing 
a petition accompanied by the extension fee under the provisions of 37 C.F.R. § 1.136. In no case may an applicant 
extend the period for response beyond the six month statutory period. Direct the response to the undersigned. Applicant 
is requested to return a copy of the attached Notice to Comply with the response. 

The addresses below are effective 5 June 2004. Please direct all replies to the United States Patent and Trademark 
Office via one (1) of the following: 

1 . Electronically submitted through EFS-Web (<http://www.uspto.gov/ebc/efs/downloads/documents.htm>, EFS 
Submission User Manual - ePAVE) 

2. Mailed to: 

Mail Stop Sequence 
Commissioner for Patents 
P.O. Box 22313 1450 
Alexandria, VA 223 13 1450 

3. Hand Carry, Federal Express, United Parcel Service or other delivery service to: 

U.S. Patent and Trademark Office 
Mail Stop Sequence 
Customer Window 
Randolph Building 
401 Dulaney Street 
Alexandria, VA22314 

Any inquiry concerning this communication should be directed to Samuel Liu at telephone number (571)272- 
0949. If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Andrew M. Wang, can 
be reached on 57 1 -272-08 11. 
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Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 
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Please find below and/or attached an Office communication concerning this application or 
proceeding. 



Commissioner for Patents 

The reply filed on 8/21/09 is not fully responsive to the prior Office Action because of the following omission(s) or matter(s): 
Applicant has not adequately replied to the 1 12/ 1st rejection (written description), the 102 rejections and 103 rejections set forth in the 
Office action mailed 7/22/09. A request to hold a rejection in abeyance is not a proper response to a rejection. Rather, a request to 
hold a matter in abeyance may only be made in response to an OBJECTION or REQUIREMENTS AS TO FORM (see MPEP 37 
CFR 1.1 1 1(b) and 714.02). Upon communication with Brian Ames on behalf of John White on 10/15/09, it was confirmed that 
applicants have not filed the response to the Office action with regard to the claims rejections as mentioned above; Applicants will file 
this response. It was also confirmed that applicants have only responded to the sequence compliance set forth in the office action. 

Any inquiry concerning this communication or earlier communications from the examiner should be directed to Samuel Liu whose 
telephone number is (571)272-0949. The examiner can normally be reached on Monday-Friday, 9 am to 5:30 pro. If attempts to reach 
the examiner by telephone are unsuccessful, the examiner's supervisor, Andrew Wang, can be reached on 571-272-081 1. The fax 
phone number for the organization where this application or proceeding is assigned is 571-273-8300. 



/SAMUEL LIU/ /ANAND U DESAI/ 

Examiner, Art Unit 1656 Primary Examiner, Art Unit 1656 



PTO-90C (Rev.04-03) 



EXHIBIT C 

AMENDMENT IN RESPONSE TO JULY 22, 2009 OFFICE 
ACTION AND PETITION FOR ONE -MONTH EXTENSION OF 

TIME 

Serial No. 10/568,396 

Filed: August 31, 2006 
Applicants: Stephen P. Goff and Guangxia Gao 



WO 2005/044980 



3/6 



REPLACEMENT 
PCT/US2004/026I62 



SHEET 



CD 

m 



A. 



S3 




h — 1 



NZAP-Zco 



ATG TAG ATG 



B. 

NZAP-Zeo 
rZAP 
mEST995 
mEST896 

SEQ ID NO: 11 

SEQ ID NO: 12 
SEQ ID NO: 13 
SEQ ID NO: 14 



1 



254 



776 



I 



□ 



] 



789 



CCCH Finger Motifs 

CRRKY 

C KLNLL . GR . . 



715 



fii 

8 
3 



CKSYKGEGRKQTjCp- - QPQP 
CE 



SHFTRGN 



QRP 



CDSLH 
ckYAQSQRNlic KYS H 



C5Y 



CERLH 
CLRSH 




FIGS. 3A - C 



SUBSTITUTE SHEET (RULE 26) 



EXHIBIT D 

AMENDMENT IN RESPONSE TO JULY 22, 2009 OFFICE 
ACTION AND PETITION FOR ONE -MONTH EXTENSION OF 

TIME 

Serial No. 10/568,396 

Filed: August 31, 2 006 
Applicants: Stephen P. Goff and Guangxia Gao 




0 8_1 8_0 9_6 748 9_PCT_US_S eqLi s t 
SEQUENCE LISTING 

<110> THE TRUSTEES OF COLUMBIA UNIVERSITY IN THE CITY OF NEW YORK 

<12 0> ZAP PROTEIN AND RELATED COMPOSITIONS AND METHODS 

<13 0> 674 89-PCT/JPW/JW 

<140> PCT/US2004/02 6162 
<141> 2004-08-12 

<160> 14 

<170> Patentln version 3.5 

<210> 1 

<211> 776 

<212> PRT 

<213> mammalian 

<400> 1 

Met Ala Asp Pro Gly Val Cys Cys Phe lie Thr Lys lie Leu Cys Ala 
15 10 15 



His Gly Gly Arg Met Thr Leu Glu Glu Leu Leu Gly Glu lie Arg Leu 
20 25 30 



Pro Glu Ala Gin Leu Tyr Glu Leu Leu Glu Thr Ala Gly Pro Asp Arg 
35 40 45 



Phe Val Leu Leu Glu Thr Gly Gly Gin Ala Gly lie Thr Arg Ser Val 
50 55 60 



Val Ala Thr Thr Arg Ala Arg Val Cys Arg Arg Lys Tyr Cys Gin Arg 
65 70 75 80 



Pro Cys Asp Ser Leu His Leu Cys Lys Leu Asn Leu Leu Gly Arg Cys 

85 90 95 



His Tyr Ala Gin Ser Gin Arg Asn Leu Cys Lys Tyr Ser His Asp Val 
100 105 110 



Leu Ser Glu Gin Asn Phe Gin lie Leu 

Page 



Lys 
1 



Asn His Glu Leu Ser Gly 



0 8_1 8_0 9_6 748 9_PCT_US_SeqLi s t 
115 120 125 



Leu Asn Gin Glu Glu Leu Ala Cys Leu Leu Val Gin Ser Asp Pro Phe 
130 135 140 



Phe Leu Pro Glu lie Cys Lys Ser Tyr Lys Gly Glu Gly Arg Lys Gin 
145 150 155 160 



Thr Cys Gly Gin Pro Gin Pro Cys Glu Arg Leu His lie Cys Glu His 

165 170 175 



Phe Thr Arg Gly Asn Cys Ser Tyr Leu Asn Cys Leu Arg Ser His Asn 
180 185 190 



Leu Met Asp Arg Lys Val Leu Thr lie Met Arg Glu His Gly Leu Ser 
195 200 205 



Pro Asp Val Val Gin Asn lie Gin Asp lie Cys Asn Asn Lys His Ala 
210 215 220 



Arg Arg Asn Pro Pro Gly Thr Arg Ala Ala His Pro His Arg Arg Gly 
225 230 235 240 



Gly Ala His Arg Asp Arg Ser Lys Ser Arg Asp Arg Phe Leu His Asn 

245 250 255 



Ser Leu Glu Phe Leu Ser Pro Val Val Ser Pro Leu Gly Ser Gly Pro 
260 265 270 



Pro Ser Pro Asp Val Thr Ser Cys Lys Asp Ser Leu Glu Asp Val Ser 
275 280 285 



Val Asp Val Thr Gin Lys Phe Lys Tyr Leu Gly Thr His Asp Arg Ala 
290 295 300 



Gin Leu Ser Pro Val Ser Ser Lys Ala Ala Gly Val Gin Gly Pro Ser 
305 310 315 320 
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Gin Met Arg Ala Ser Gin Glu Phe Ser Glu Asp Gly Asn Leu Asp Asp 

325 330 335 



lie Phe Ser Arg Asn Arg Ser Asp Ser Ser Ser Ser Arg Ala Ser Ala 
340 345 350 



Ala Lys Val Ala Gin Arg Asn Glu Ala Val Ala Met Lys Met Gly Met 
355 360 365 



Glu Val Lys Gly Lys Lys Glu Ala Pro Asp lie Asp Arg Val Pro Phe 
370 " 375 380 



Leu Asn Ser Tyr lie Asp Gly Val Thr Met Glu Lys Ala Ser Val Ser 
385 ~ 390 395 400 



Gly lie Pro Gly Lys Lys Phe Thr Ala Asn Asp Leu Glu Asn Leu Leu 

405 410 415 



Leu Leu Asn Asp Thr Trp Lys Asn Val Ala Lys Pro Gin Asp Leu Gin 
420 425 430 



Thr Thr Gly Arg lie Thr Asp Ser Gly Gin Asp Lys Ala Phe Leu Gin 
435 440 445 



Asn Lys Tyr Gly Gly Asn Pro Val Trp Ala Ser Ala Ser Thr His Asn 
450 ~ 455 460 



Ala Pro Asn Gly Ser Ser Gin lie Met Asp Glu Thr Pro Asn Val Ser 
465 470 475 480 



Lys Ser Ser Thr Ser Gly Phe Ala lie Lys Pro Ala lie Ala Gly Gly 

485 490 495 



Lys Glu Ala Val Tyr Ser Gly Val Gin Ser Pro Arg Ser Gin Val Leu 
500 505 510 



Ala Val Pro Gly Glu Ala Thr Thr Pro Val Gin Ser Asn Arg Leu Pro 
515 520 525 

Page 3 
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Gin Ser Pro Leu Ser Ser Ser Ser His Arg Ala Ala Ala Ser Gly Ser 
530 535 540 



Pro Gly Lys Asn Ser Thr His Thr Ser Val Ser Pro Ala lie Glu Ser 
545 550 555 560 



Ser Arg Met Thr Ser Asp Pro Asp Glu Tyr Leu Leu Arg Tyr lie Leu 

565 570 575 



Asn Pro Leu Phe Arg Met Asp Asn His Gly Pro Lys Glu lie Cys Gin 
580 585 590 



Asp His Leu Tyr Lys Gly Cys Gin Gin Ser His Cys Asp Arg Ser His 
595 600 605 



Phe His Leu Pro Tyr Arg Trp Gin Met Phe Val Tyr Thr Thr Trp Arg 
610 615 620 



Asp Phe Gin Asp Met Glu Ser lie Glu Gin Ala Tyr Cys Asp Pro His 
625 630 635 640 



Val Glu Leu lie Leu lie Glu Asn His Gin lie Asn Phe Gin Lys Met 

645 650 655 



Thr Cys Asp Ser Tyr Pro lie Arg Arg Leu Ser Thr Pro Ser Tyr Glu 
660 665 670 



Glu Lys Pro Leu Ser Ala Val Phe Ala Thr Lys Trp lie Trp Tyr Trp 
675 680 685 



Lys Asn Glu Phe Asn Glu Tyr lie Gin Tyr Gly Asn Glu Ser Pro Gly 
690 695 700 



His Thr Ser Ser Asp lie Asn Ser Ala Tyr Leu Glu Ser Phe Phe Gin 
705 710 715 720 



Ser Cys Pro Arg Gly Val Leu Pro Phe Gin Ala Gly Ser Gin Lys Tyr 

725 730 735 
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Glu Leu Ser Phe Gin Gly Met lie Gin Thr Asn lie Ala Ser Lys Thr 
740 745 750 



Gin Arg His Val Val Arg Arg Pro Val Phe Val Ser Ser Asn Asp Val 
755 760 765 



Glu Gin Lys Arg Arg Gly Pro Glu 
770 775 



<210> 2 

<211> 2331 

<212> DNA 

<213> mammalian 

<400> 2 

atggcagatc ccggggtatg ctgtttcatc accaagatcc tgtgcgccca cgggggccgt 
60 

atgaccctgg aggaactgct gggtgagatc aggctccccg aggcgcagct ctacgagctg 
120 

ctggagacgg cggggcccga tcgcttcgtg ctattggaga ctggaggcca ggccgggatc 
180 

actcggtctg tagtggctac tactcgagcc cgcgtctgcc gtcggaagta ctgccagaga 
240 

ccctgcgaca gcctgcacct ctgcaagctt aatctgctcg gccggtgcca ctatgcacag 
300 

tctcagcgga acctctgcaa atattctcac gatgttctct cggaacagaa cttccagatc 
360 

ctgaagaatc atgagctctc tgggcttaac caagaggagc tagcttgcct cctggtccaa 
420 

agcgaccctt ttttcctgcc cgagatatgc aagagttaca aaggagaggg ccgaaaacag 
480 

acctgtgggc agccacagcc atgcgagaga ctccacatct gtgagcactt cacccggggc 
540 

aactgcagtt acctcaactg tctcaggtct cacaacctga tggacagaaa ggtgttgacc 
600 

atcatgaggg agcacgggct gagtcctgat gtggtccaga acatccagga catctgcaac 
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660 

aacaaacacg ccaggaggaa cccgcctggc acgagagctg cccatccaca ccgcagaggc 
720 

ggcgcacaca gagacagaag caaaagcaga gaccgcttcc ttcacaacag tctagaattt 
780 

ctctcacctg ttgtctcacc tctgggatct ggtccgccta gcccagatgt caccagctgt 
840 

aaagattccc tggaggatgt gtctgtggat gtcacccaga agttcaagta cttggggacg 
900 

catgaccgtg cgcagctctc cccagtctca tctaaggctg ctggtgttca aggacccagt 
960 

caaatgagag caagccaaga gttttcagag gatgggaatc tagatgacat attttctagg 
1020 

aatcgttctg attcatcatc aagtcgagcc tccgctgcca aggtggcaca aagaaatgaa 
1080 

gctgtggcca tgaaaatggg catggaggtc aagggcaaga aggaggctcc agacatcgat 
1140 

cgggtcccat ttttaaatag ttatattgat ggggtgacca tggaaaaagc atcggtctca 
1200 

ggaattccag gcaaaaagtt cacagccaat gatctggaaa atttgctatt acttaacgac 
1260 

acttggaaga atgtggctaa gccccaggat ctgcagacca caggcagaat cactgacagt 
1320 



ggccaagaca aggcattcct gcagaataaa tatggaggaa acccagtgtg ggcaagtgca 
1380 

tccacccata atgccccaaa tggctctagt caaattatgg atgaaactcc taatgtctct 
1440 

aaaagtagta ccagtggttt tgccataaaa ccagcaattg ctggaggaaa agaagcagtc 
1500 



tattctggag ttcagagtcc gagaagccag gtcctagctg tgcctgggga ggctactacc 
1560 



cctgtacaga gcaacaggct gcctcagtcg cctctgtctt cctcaagcca cagagctgca 
1620 

gcctctggga gccctggcaa gaactccacc catacctctg tgagcccagc catcgagtct 

Page 6 



0 8_1 8_0 9_6 7 4 8 9_PCT_US_SeqLi s t 

1680 

tcaaggatga catcagaccc cgatgagtat ctcctacgct acatcctaaa tcctttattt 
1740 

aggatggata atcatggccc gaaggaaatc tgtcaggacc atctgtacaa gggctgtcaa 
1800 

cagagccact gcgacaggag tcacttccat ctgccctacc ggtggcagat gttcgtatat 
1860 

accacttgga gggacttcca ggacatggag tctatcgaac aggcctattg tgatccccac 
1920 

gttgaactca ttttgataga aaaccatcag atcaatttcc agaaaatgac ctgtgactcc 
1980 

taccccatcc gacgcctctc cactccctca tatgaggaaa agccacttag tgctgtcttc 
2040 

gccaccaagt ggatttggta ttggaagaat gaatttaatg aatatatcca gtatgggaat 
2100 

gagagcccag gccacaccag ctctgacatc aactctgcgt acctggagtc tttcttccag 
2160 

tcttgtccca ggggagtttt gccattccag gctggttcac agaagtacga gttaagcttc 
2220 

caagggatga ttcagacaaa tatagcttcc aagactcaaa ggcatgttgt cagaaggcca 
2280 

gtatttgttt cttcgaacga tgtggagcag aagagaagag gtccagagtg a 
2331 



<210> 3 
<211> 78 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 3 

ataagcttgc caccatggct tstccststg stgttccaga tatgctgaat tcggcggccg 
60 

cgccaagttg accagtgc 
78 
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<210> 


4 


<211> 


26 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


PCR Primer 


<400> 


4 


atatcgattc agtcctgctc ctcggc 


26 





<210> 5 

<211> 38 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 

<400> 5 

ctagataact tcgtataatg tatgctatac gaagttat 
38 



<210> 6 

<211> 38 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 

<400> 6 

ctagataact tcgtatagca tacattatac gaagttat 
38 



<210> 


7 


<211> 


25 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


PCR Primer 


<400> 


7 


gcttatccat atgatgttcc agatt 


25 
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<210> 


8 


<211> 


34 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


PCR Primer 


<400> 


8 


atataggcgg ccgccctctg gacctcttct 


34 





<210> 


9 


<211> 


19 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


PCR Primer 


<400> 


9 


gagctctctg ggcttaacc 


19 





<210> 


10 


<211> 


34 


<212> 


DNA 


<213> 


Artificial Sequence 


<220> 




<223> 


PCR Primer 


<400> 


10 


atataggcgg ccgccctctg gacctcttct 


34 





<210> 


11 


<211> 


14 


<212> 


PRT 


<213> 


Artificial 


<220> 




<223> 


peptide 


<400> 


11 



_Eage-3— 
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Cys Arg Arg Lys Tyr Cys Gin Arg Pro Cys Asp Ser Leu His 

10 



1 


5 


<210> 


12 


<211> 


23 


<212> 


PRT 


<213> 


Artificial 


<220> 




<223> 


peptide 


<400> 


12 



Cys Lys Leu Asn Leu Leu Gly Arg Cys His Tyr Ala Gin Ser Gin Arg 
15 10 15 



Asn Leu Cys Lys Tyr Ser His 
20 



<210> 13 
<211> 23 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> peptide 
<400> 13 

Cys Lys Ser Tyr Lys Gly Glu Gly Arg Lys Gin Thr Cys Gly Gin Pro 
15 10 15 



Gin Pro Cys Glu Arg Leu His 
20 



<210> 


14 


<211> 


18 


<212> 


PRT 


<213> 


Artificial 


<220> 




<223> 


peptide 


<400> 


14 



Cys Glu His Phe Thr Arg Gly Asn Cys Ser Tyr Leu Asn Cys Leu Arg 

Page 10 



0 8_1 8_0 9_6 748 9_PCT_US_SeqLi s t 
15 10 



Ser His 
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Molecular basis for interaction of the 
protein tyrosine kinase ZAP-70 
with the T-cell receptor 

Marcos H. Hatada, Xlaode Lu, Ellen R. Laird, Jeremy Green, 

Jay P. MorgensterrT, Meizhen Lou\ Chris S. Marr*, Thomas B. Phillips, 

Mary K. Ram, Kelly Therlault*, Mark J. Zoller & Jennifer L. Karas 

ARIAD Pharmaceuticals, Inc., 26 Landsdowne Street. Cambridge, Massachusetts 02139-4234, USA 



The crystal structure of the tandem SH2 domains of human ZAP-70 in complex with a peptide 
derived from the ^-subunit of the T-cell receptor reveals an unanticipated interaction between 
the two domains. A coiled coil of a-helices connects the two SH2 domains, producing an 
interface that constitutes one of the two critical phosphotyrosine binding sites. These and 
other unique features provide the molecular basis for highly selective association of ZAP-70 
with the T-cell receptor. 



T-cell recognition of antigen-presenting cells initiates a cascade 
of intracellular processes that ultimately result in changes in gene 
expression, the production of secreted mediators, and cellular 
proliferation 1 ' 2 . This recognition is mediated by the T-cell anti- 
gen receptor (TCR), which consists of the antigen-binding a- 
and p-subunits, the CD3 complex of y-, 5- and e- chains, and 
the ^-homodimer. With the exception of a and p, the intracellular 
portion of each subunit includes one to three amino- acid 
sequences that contain the motif YXX(L/I)X (7 - 8 )YXX(L/I), 
where X is variable 3 . After receptor stimulation, these imrauno- 
receptor tyrosine activation motifs (ITAMs) become phosphor- 
ylated on tyrosine residues and, in this modified form, provide 
binding sites for downstream signalling proteins. 

The TCR has no intrinsic protein tyrosine kinase (PTK) activ- 
ity; however, members of both the Src family and the Syk/ZAP- 
70 family of PTKs are implicated in the functioning of antigen 
receptors 4 . Current evidence indicates that Src family kinases 
phosphorylate the ITAMs of the TCR 4 . Zeta-associated protein 
(ZAP)-70 then associates with the doubly phosphorylated 
ITAMs of the and CD3 £-chains through its Src homology- 
2 (SH2) domains 5 , and is itself phosphorylated during early T- 
cell activation 6 . ZAP is a protein tyrosine kinase of relative 
molecular mass (M r ) 70K that exists exclusively in T cells and 
natural killer cells 7 and is important for T-cell activation. 
Genetic alterations in the ZAP-70 gene that cause loss of expres- 
sion of ZAP-70 in humans prevent antigen activation of CD4 + 
T cells, inhibit maturation of CD8 + T cells, and lead to severe 
combined immunodeficiencies 8 * 9 . The binding of ZAP-70 to the 
TCR is believed to be essential for signal transduction, as pep- 
tides that block the association of ZAP-70 with the £-chain also 
inhibit T-cell signalling events 10 . 

ZAP-70 consists of two SH2 domains that are connected by 
a 65-residue segment (the inter-SH2 region) and are followed 
by a second connecting region and a catalytic domain 7 . Inter- 
action of ZAP-70 with the TCR requires that both of its SH2 
domains are present and functional, and that both tyrosines 
within the ITAM are phosphorylated 11 l? . SH2 domains play an 
integral role in intracellular signal transduction by mediating 
protein-protein interactions through specific recognition of 



* Present addresses: Millenium Pharmaceuticals, 41 Second St. Cam- 
bridge, MA 02141, USA (J.P.M. and K.T.); 1 Kingsvilla St. Footscary West, 
Victoria 3012, Australia (M.L.); Chemistry Dept. Tufts University, Maiden, 
MA 02148, USA (C.S.M.). 



tyrosine-phosphorylated proteins 1415 . Selectivity by SH2 
domains is dependent upon recognition of residues immediately 
carboxy-terminal to the phosphorylated tyrosine (pY + w). The 
three-dimensional structures of several isolated SH2 domains 
(both liganded and unliganded) 16 " 23 , as well as one SH3-SH2 
complex 24 and one SH3-SH2-SH3 protein 25 , have been deter- 
mined by X-ray crystallography or nuclear magnetic resonance. 

Here we report the X-ray crystal structure of the tandem SH2 
domains of human ZAP-70 (ZAP-NC) in complex with a doubly 
tyrosine-phosphorylated 19-meric peptide that is derived from 
the sequence of the first ITAM of the ^-subunit (£,) of the TCR 
at 1.9 A resolution. The structure determination is summarized 
in Table 1 legend. The ZAP-NC complex involves an exten- 
sive array of contacts between the peptide and both SH2 
domains. The 65-residue inter-SH2 region exists as a coiled coil 
of a-helices and assists in the formation of an interface between 
the two SH2 domains. Within this interface, both SH2 domains 
contribute to the recognition of phosphotyrosine in the second 
pYXXL motif. This study provides structural insights into the 
Syk/ZAP family of PTKs and describes an intracellular compo- 
nent of the TCR. 

General topology 

The first 259 residues of ZAP-70 consist of two SH2 domains 
that are connected by a helical region. The overall fold is Y- 
shaped (Fig. \b): the SH2 domains make up each upper branch, 
and the intervening 65 residues form the stem of the Y. The 
fragment of ZAP-70 used in the crystal structure determination 
terminates before the kinase domain; we therefore refer to the 
two SH2 regions as ZAP-N and ZAP-C, for ZAP N-terminal 
SH2 and ZAP C-terminal SH2, respectively. There is high struc- 
tural similarity between each of the SH2 domains and those 
previously reported, such as p60 v src (ref. 16) and p56 lck (ref. 19). 
Each of the individual ZAP SH2 domains possesses a central 
antiparallel p-sheet that is flanked by two a-helices. The inter- 
SH2 region begins as a p-strand that is a continuation of the 
central sheet of ZAP-N. This is followed by two antiparallel 
a-helices that form a coiled coil. The two SH2 domains are side 
by side, with an angle of ~52° between the central p-sheets. 

is extended over both faces of the SH2 domains, straddles 
both central p-sheets, and makes extensive contacts with the 
protein surface. The binding orientation is head to tail, that is, 
the amino terminus of the peptide is in contact with the C- 
terminal SH2 domain. Binding of phosphorylated peptides to 
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individual SH2 domains has been described as reminiscent of a 
'socket and plug' 20 , where the phosphotyrosine (pY) and the 
pY + 3 residues are the prongs. This genera! arrangement is also 
present for each pYXXL contact with ZAP-C and ZAP-N. The 
peptide segment that separates the two pYXXL motifs is largely 
in contact with ZAP-C- The C-terminal phosphotyrosine is 
bound in a pocket that is formed by contributions from both 
SH2 domains (Fig. la, c). The nomenclature defined 
previously 19 for structural features of SH2 domains is used here 
for clarity (Fig. 2). Both BC loops of ZAP-NC are extended. 

The lnter-SH2 domain 

The inter-SH2 spacer begins in a type II reverse turn followed 
by a long p-strand that forms an extension to the central p- 
sheet of ZAP-N. This segment is followed by a five-turn a-helix 
(designated helix C) that extends away from both SH2 domains, 
forming the stem of the overall Y shape of ZAP-NC. This helix 
is followed by a turn and a second a-helix (helix D) that curves 
around the axis formed by helix C. Helix D is distorted by two 
breaks and a short 3 10 -helix. Helices C and D both make several 
hydrophobic contacts to ZAP-C. These antiparallel helices form 
a coiled coil, with direct contact between several hydrophobic 
residues forming its core. Several water-mediated hydrogen 
bonds exist between helix D and ZAP-C. 

Binding of the complexed peptide 

The bound conformation of £i is extended, although nearly one 
full a-helical turn exists between residues £ Asn 8 and £ Arg 1 2 
(Fig. lc). All residues of £i , except for £ Gly 10, are in contact 
with ZAP-NC. The area of the peptide-protein interface is over 
1,300 A 2 . Although this interface area is typical for protein- 
protein interactions, the nature of the contacts is different from 
those generally observed 26 . For example, interfaces in antibody- 
antigen complexes and protease : protein-inhibitor complexes 
usually contain few bridging water molecules. The interaction 
of ZAP-NC with £i includes 21 bridging water molecules. Most 



of the contacts in protein-protein interfaces are usually classified 
as hydrophobic. In contrast, half of the contacts between 
ZAP-NC and £i are due to direct hydrogen bonds. The total 
number of contacts observed is considerably larger than is 
observed for protein-protein structures of similar interfacial 
areas. 

Binding of motIM ( pYNEL-) 

The N-terminal pYXXL motif of is associated exclusively 
with ZAP-C. The first two residues of ^, are largely involved in 
intrapeptide interactions. The single contact between £ Leu 3 
and ZAP-NC, a hydrogen bond between its main-chain carbonyl 
and Arg 1 70, is typical of the pY — 1 residue of peptides bound 
to SH2 domains. 

The pocket for £ pTyr4 is formed by residues from helix A, 
strands B, C and D, and the BC loop. Hydrophobic contacts 
involve residues from pD, from which His 210, Tyr211 and 
Leu 212 form one edge of the pTyr cavity. The side chain of 
Leu 212 is twisted away from the pTyr ring and is packed against 
Trp 131 from a symmetry-related molecule. This neighbouring 
Trp, which constitutes the only intermolecular crystal contact 
with any £i residue, is also in hydrophobic contact with £ pTyr 4. 
Direct hydrogen-bonding contacts to the phosphate are made 
by only three residues (Fig. 3a). Arg 170 (aA) and Arg 190 (pB) 
interact through their terminal nitrogens. Arg 192 is the only 
residue in the region of the BC loop that is of sufficient length 
for direct hydrogen bonding to the phosphate group and inter- 
acts via its Ne. The BC loop is extended, so the pTyr binding 
region resembles a deep groove that continues toward the AA 
loop. Five water molecules with very strong density and low 
temperature factors exist in this region and are part of a large 
hydrogen-bonding network. 

As is typical for complexes with SH2 domains 19 ' 21 , the pY+ 1 
and pY + 2 residues are extended along the surface of the protein. 
The pocket that surrounds £ Leu 7 (pY + 3) is very deep and is 
formed by residues from PD, the EF loop, helix B and the BG 



TABLE 1 Statistics for data collection, phase determination and refinement 



Data collection 
TML 



Resolution 
(A) 

25-2.5 
25-1.9 



Reflections 
(N) 

15,506 
23,978 



Completeness 
(%) 

98.3 
98.9 



SeMet TML 
Refinement 

Model 272 residues, 113 water molecules, 1 lead. 3 selenium atoms 

Reflections 
Resolution (F>2cr) 

10-1.9 23,697 20.9 



^sym 

6.3 
4.9 



(%)* 



R- value 

(%)§ 



Free R-value 
25.5 



R c t Figure of merit 
0.71 0.50 



Phasing power 
(20-2.8 A)t 

1.38 



R.m.s. deviations 
Bonds (A) Angles (°) 

0.006 1.58 



Details of peptide synthesis and the expression and purification of ZAP-NC will be published elsewhere. The peptide (NQLpYNELNLGRREEpYDVLD) 
was synthesized by automated solid-phase synthesis. ZAP-NC (residues 1-259) was expressed as a glutathione S-transferase (GST) fusion protein 
and cleaved with thrombin. Crystallization. ZAP-NC complexed with doubly phosphorylated ^ and treated with trimethyllead acetate (TML) was 
crystallized by vapour diffusion in hanging drops containing 13.5 mg ml -1 complex and 10% PEG 4000, 50 mM sodium citrate, 100 mM ammonium 
acetate, 0.005% sodium azide and 20 mM dithiothreitol, pH 6.2, over reservoirs of 20% PEG 4000 and 20 mM dithiothreitol. The crystals are 
monoclinic (P2 t , a = 50.11, b = 63.37, c = 54.00 A, p = 114.44°) with one molecule per asymmetric unit. Data collection. Diffraction data were 
collected at room temperature with a Rigaku R-AXIS II area detector with graphite monochromated Cu K« X-rays. Diffraction data were collected as 
2° oscillation images and reduced to integrated intensities using DENZO 42 . Scaling parameters for each image were calculated with R0TAVATA 43 
and applied with AGROVATA 43 . MIR analysis and refinement. Selenomethionyl (SeMet) ZAP-NC was crystallized with TML under the same conditions 
and data collected. Positions of the lead and selenium atoms were determined from the difference Patterson function. Anomalous dispersion 
measurements were included for both datasets. Heavy-atom parameters were refined, and phases were obtained at 2.8 A using MLPHARE 43 . The 
MIR phases were improved with the program DM 43 with a combination of solvent flattening/histogram mapping and phase extension to 2.0 A. 
Electron-density maps with MLPHARE and DM phases were calculated, and the polypeptide chain model was built with the program O 44 . SIGMAA 43 
was used to perform several cycles of phase combination using partial model and experimental phases. Least-squares refinement with simulated 
annealing was done using X-PLOR 45 . The current model has all residues from Asp 3 to Asn 256 of the protein, all 19 peptide residues, and 113 
water molecules, plus one lead and three selenium atoms. TML is bound to Cys 117. 

*Ksy™ = I|/ f -<0l/I/,xl00. 

t R c = Z Ofp* ± Fpl ~ Ffcaid/X ^ph ± F p \ for centric reflections. 
X Phasing power, FJE, where E= r.m.s. lack of closure error. 
§ K vaIue = £ Fob.1 - |F«.cll/I IFob.1 * 100. 

(t Subset of data (10%) was excluded from refinement and used for free R-value calculation. All data with F>2a were used for refinement. 
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loop. Owing to the size of this pocket, £ Leu 7 is contacted 
directly by only 5 residues: Tyr 211, He 223, Gly 226, Gly 245 
and Leu 246. The depth of this pocket is partly due to the pres- 
ence of a leucine in helix B that is occupied by a tyrosine in 
many other SH2 domains 21 . A second contribution to the overall 
shape of the pY + 3 pocket is provided by a repositioning of the 
p-turn in the EF loop. In complexes of isolated SH2 domains, 
this loop is involved in forming the steep solvent-exposed wall 
of the pocket. In ZAP-C, the EF loop slides toward strand D 
to allow the remainder of the peptide to continue on its path 
toward ZAP-N. 

Binding of intermotlf (-NLGRREE-) 

The peptide segment that separates the pYXXL motifs in £i 
consists of seven amino acids that make the bulk of their contacts 
to ZAP-C. Because nearly a full turn of an a-helix begins at £ 
Asn 8 and continues to £ Arg 12, many contacts for this sequence 
are intrapeptide. £ Asn 8 and £ Arg 12 both contact ZAP-C 
by several direct and water-mediated hydrogen bonds. The side 
chains of £ Leu 9 and £ Arg 12 close off the pY + 3 pocket of 
ZAP-C. 

Two glutamate residues complete this segment of £i . As 
the pY — 1 and pY — 2 residues of the second pYXXL motif, 
they constitute the first contacts to ZAP-N. £ Glu 13 is 
involved in a direct hydrogen bond through its side-chain 
carboxyl to the side-chain amino group of Lys 242 (ZAP-C 
aB), which is an integral part of the phosphotyrosine pocket 
of the N-terminal SH2 domain. £ Glu 13 also maintains van 
der Waals contact to Lys 242, as well as to Tyr 238 (ZAP-C 
aB) and Arg 17 (ZAP-N aA), which also contribute to the 
N-terminal pY pocket. £ Glu 14 maintains the characteristic 
pY - 1 contacts. 

Binding of motlf-2 (-pYDVL ) 

The most remarkable and unique feature of the complex between 
ZAP-NC and £i is the recognition pocket of £ pTyr 15, which 
is composed of residues from both SH2 domains (Fig. 3b, c). 
The impinging of ZAP-C on ZAP-N sequesters £ pTyr 1 5 in a 
deep tunnel. The side chain of £ pTyr 15 makes van der Waals 
contacts to Arg 41 (BC loop), Val47 ((3C), His 58 (PD) and 
Pro 60 (PD). The side chain of Arg 17 is positioned over the 
aromatic ring of £ pTyr 15, forming an amino-aromatic contact 
in addition to bridging the carbonyl of the pY - 1 residue to the 
phosphate oxygens of £ pTyr 15. The phosphate group is closely 
associated with the side chains of Tyr 238 and Lys 242 (both 
donated by ZAP-C aB), Arg 1 7 (aA) and Arg 37 (pB), forming a 
total of six direct hydrogen bonds. Six water-mediated hydrogen 
bonds exist between the phosphate group and Arg 17 (aA), 
Cys 39 (PC), Leu 40 (BC loop), Arg 41 (BC loop) and Lys 242 
(ZAP-C aB). Mutagenesis experiments are required to determine 
the relative importance of each residue in this interface. Four 
water molecules contribute to this extensive network ; their pres- 
ence may be a consequence of the intrusion of ZAP-C onto 
residues of the BC loop. 

The pY+1 and pY + 2 residues (£ Asp 16 and £ Val 17) 
make contacts that are characteristic of these positions in 
other SH2 complexes 19 " 21 . £ Leu 18 resides in a hydrophobic 
pocket that is of similar dimension to the pY + 3 pockets 
observed in high-affinity peptide complexes with Src family 
SH2 domains. Contact with several hydrophobic residues is 
evident: pD contributes Phe59; interaction with the EF loop 
involves He 71, Ala 72, Gly 73 and Gly 74; helix B presents 
Tyr 87; and the BG loop makes contact by means of Gly 93 
and Leu 94. 

Unlike the extensive contact area between and ZAP-NC, 
the total interaction area between ZAP-N and ZAP-C is small, 
measuring only ~200 A 2 . The interface that is exclusively 
between ZAP-N and ZAP-C consists mostly of water-mediated 
hydrogen bonds, although van der Waals contacts do exist (Fig. 
4). Given that the total interface that is exclusive to the two SH2 



domains may not exist without the peptide, the inter-SH2 spacer 
is likely to stabilize the appropriate orientation for tandem 
binding by allowing only minor displacements. In isoelectric 
focusing gels, uncomplexed ZAP-NC exists as multiple bands 
which collapse into a single band when is added (J.L.K. and 
M.H.H., unpublished observation). This microheterogeneity 
observed with uncomplexed ZAP-NC may be indicative of con- 
formational variability. 

Comparison with other complexes 

Despite the low sequence identity (33%) between ZAP-N and 
ZAP-C, the similarity in overall fold is notable. Side-chain posi- 
tions are remarkably well conserved between the two domains. 
The overall backbone root mean square (r.m.s.) deviation is 
1 .07 A ; the same measurement for ZAP-N or ZAP-C to Src 
family SH2 domains is typically 1.50 A, although the percentage 
of sequence identity is similar. As reported for previous struc- 
tures of SH2 domains 19,20,23 , the loop regions display the largest 
positional variance. 

Although each pYXXL motif of £i resides in a similar 
backbone conformation in the complex, the orientation of the 
phosphotyrosines varies between ZAP-N and ZAP-C. The 
aromatic ring of £ pTyr 4 superimposes remarkably well with 
the pTyr in both Lck and v-Src . For £ pTyr 15, however, 
the ring is repositioned 0.7 A towards the guanidinium of 
Arg 1 7 and slips 0.8 A away from strand D. This is probably 
due to the direction taken by Ci as it moves into the ZAP-C 
domain, as well as the strong hydrogen-bonding interactions 
between the phosphate group and Tyr 238 and Lys 242 on ZAP- 
C. Both pTyr pockets of ZAP-NC are large enough for several 
water molecules to be included; this enlargement relative to 
other SH2 domains is due to the repositioning of the BC loop. 
The extended position for the BC (phosphotyrosine binding) 
loop observed for both SH2 domains of ZAP-70 has been 
observed previously for uncomplexed SH2 domains, and has 
been described as a hinge in the binding of tyrosine phosphoryla- 
ted and phosphonated peptides 20,23 . Although the loop is reori- 
entated, the internal conformation for the BC loop is strongly 
maintained. 

Finally, in comparison with all other crystal structures of com- 
plexes of SH2 domains, a significant number of water molecules 
are present in ZAP-NC. Several are involved in bridging phos- 
photyrosine to the protein. Additionally, a large number of 
buried water molecules exist in all interfaces. 

Biological significance 

The structure of the tandem SH2 domains of ZAP-70 in complex 
with a component of the £ -chain of the TCR provides a view at 
the molecular level into the intracellular machinery of the TCR 
(Fig. 5). This structure suggests that the SH2 domains do not 
function independently, and that interactions between the 
domains are critical in the recognition of the TCR. The structure 
is key to the interpretation of genetic and biochemical data, and 
provides a framework for exploring the mechanism of action of 
ZAP-70. 

The tandem SH2 domains of ZAP-70 exhibit high selectivity 
for the phosphorylated and e-subunits of the TCR, but iso- 
lated SH2 domains from other proteins bind to many tyrosine- 
phosphorylated proteins in total cell extracts 5 . Although ZAP- 
NC exhibits high affinity for doubly phosphorylated ITAMS and 
selectivity for the and e-chains, the individual SH2 domains of 
ZAP-70 have not been found to bind appreciably to phosphoryl- 
ated peptides 5 . In addition, ZAP-NC binds to mono- 
phosphorylated ITAM-based peptides with affinities that are 
100-1,000 times lower than for the corresponding doubly phos- 
phorylated ones" 1327 '. The selectivity of ZAP-70 for doubly 
phosphorylated ITAM sequences appears to be a consequence 
of multiple structural features. The distance between the two 
pYXXL motifs of the or e-chain provides properly spaced 
partners for a pair of SH2 domains that are tethered in close 
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association by an inter-SH2 coiled coil. Consequently, high- 
affinity binding is due to the dramatic entropic advantage that 
stems from the bidentate interaction. The structural manifesta- 
tion of this is also the most remarkable feature of the complex 
between ZAP-NC and £, , that is, the convergence of residues 
from both SH2 domains to enmesh pTyr 15. 

It has so far been assumed that SH2 domains adopt their 
native fold when extracted from their natural molecular context 



and possess their full ability to recognize and bind to phosphory- 
lated proteins 15 . Here we present structural evidence that the N- 
terminal SH2 domain of ZAP-70, if expressed in isolation, is 
incomplete. The groove-like nature of the pY pocket of ZAP-C 
suggests that this domain may also require contributions from 
neighbouring domains or proteins. 

Studies involving mutational alterations in ITAM sequences 
of TCR subunits show that one additional residue between 
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FIG. 1 Electron density and overall topology of ZAP-NC + a, Electron- 
density map near the interface between the two SH2 domains. The map 
was calculated with 2|F D | -|F C | coefficients for data between 15.0 and 
1.9 A, contoured at 1.0a. b, Backbone ribbon representation of the over- 
all fold of the complex. Secondary structural elements are labelled 
according to the convention for SH2 domains 19 . The N-terminal 
SH2 domain is coloured red, the inter-SH2 domain region 
orange, and the C-terminal SH2 domain blue. The £ a peptide is 
shown explicitly; its carbon atoms are yellow, the oxygens red, 
nitrogens blue, and the phosphorus atoms of phosphotyrosine 
residues orange, c, Bound conformation of the £ x peptide. The 
N terminus of the peptide is at the right-hand side of the figure. 
The peptide consists of 19 residues, starting at residue 48 of 
the mature ^-subunit of the TCR. Phosphotyrosines are at relative 
positions 4 and 15. The peptide is illustrated along with the 
solvent-accessible surface for the heavy atoms of ZAP-NC, com- 
puted using MS 46 ; each SH2 domain is represented by a different 
colour. ZAP-N is illustrated in cyan and ZAP-C in green. The pYXXL 
motifs are separated by an S-shaped segment of peptide. Pock- 
ets for each pY and pY + 3 residue are visible. Note that the N- 
terminal £i residues contribute to the enclosure of £ pTyr 4. Parts 
b and c were generated with Sybyl (Tripos). 



FIG. 2 Sequence alignments for selected SH2 
domains 36 . Boxed areas indicate segments used 
for measuring the 'full' backbone r.m.s. deviation 
reported in the text; unboxed areas are excluded 
from the calculation owing to the presence of 
gaps for one or more of the sequences. Notation 
below the alignments indicate structurally con- 
served regions, and use the nomenclature 
reported previously 19 . Shaded regions indicate 
the secondary structural elements in ZAP-NC. 
Src, avian Src; Lck, human p56 tefc ; Syp-N, N-term- 
inal SH2 of murine Syp phosphatase (PTP10); 
ZAP-N and ZAP-C, N- or C-terminal SH2 of human 
ZAP-70. 
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pYXXL motifs is tolerated, but a deletion of two amino acids 
drastically reduces ZAP-70 binding and eliminates production 
of interleukin (IL)-2". Therefore the distance between the two 
pYXXL motifs is important for association and signalling. The 
relative contribution of each residue of the ITAM was explored 
by alanine scanning 28 . Only the replacement of each pY or 
pY + 3 residue eliminates signalling completely, as measured by 
IL-2 production. Apart from these residues, the specific sequence 
of the ITAM is less important for binding than the distance 
between pYXXL motifs. 

The inter-SH2 region constrains the SH2 domains of ZAP-70 
within a distance that allows their association. However, because 
a significant portion of the antiparallel helices is directed away 
from the SH2 domains, we speculate that this region may also 
be important for inter- or intramolecular interactions that regu- 



late the kinase activity of ZAP, dimerization during TCR cluster- 
ing, or association with other cellular proteins. Coiled coils are 
commonly involved in protein-protein interactions 29 . The inter- 
SH2 domain may inhibit the catalytic activity of ZAP-70 
through intramolecular interactions that are relieved upon 
binding of the SH2 domains to the ITAM. Experiments with 
phosphatidylinositol-3-OH kinase (PI^K) 30 and Syk 31 support 
this model. Activation of PI(3)K is induced in vitro by a phos- 
photyrosine peptide from the platelet-derived growth factor 
(PDGF)-p receptor 30 . Similarly, phosphorylated ITAM peptides 
derived from the y-subunit of the IgE receptor increase Syk 
kinase activity by five- to tenfold 32 * 33 . There is also precedent for 
involvement of such inter-SH2 regions in intermolecular associa- 
tions. The inter-SH2 region of the p85 subunit of PI(3)K, which 
is predicted to form a coiled coil, is necessary and sufficient for 




FIG. 3 Phosphotyrosine binding sites. The phosphotyrosine residues 
are orientated in a similar fashion in each figure to facilitate direct 
comparison, a, Selected residues for the C pTyr4 association with 
ZAP-C. Carbon atoms of the peptide and SH2 domain are yellow and 
green, respectively. All other atoms are coloured as in Fig. Id. Direct 
hydrogen bonds to the phosphate group of £ pTyr 4 are indicated by 
broken lines. Crystal lographic water molecules are indicated as red 
spheres; water molecules labelled 551, 555 and 556 make bridging 
contacts between the phosphate and the SH2 domain; water 622 forms 
a bridge to C, x . 0, Selected residues in close association with £ pTyr 15. 
Carbon atoms of the peptide are yellow; carbons of ZAP-N and ZAP-C 
are cyan and green, respectively. As in a, broken lines indicate direct 
hydrogen bonds to the phosphate group. Tyr248 and Lys242 from 
ZAP-C complete the hydrogen-bonding network of the phosphate. Water 
molecules are represented as red spheres; all of them are involved in 
salt-bridging the phosphotyrosine to the SH2 domains. Several residues 
that form the pocket have been omitted for clarity, c, Both SH2 domains 
converge upon £ pTyr 15. A solvent-accessible surface for the heavy 
atoms of ZAP-NC was computed using MS 46 , and is shown in two col- 
ours: cyan and green correspond to the N- and C-terminal SH2 domains, 
respectively. Both domains form walls that surround the phospho- 
tyrosine residue. It is clear that £ pTyr 15 is completely enclosed by 
protein and neighbouring peptide residues; this is in contrast to the 
pTyr environment reported for complexes of isolated SH2 domains. In 
a comparison of each pTyr pocket the large number of water molecules 
necessary to satisfy the hydrogen-bonding requirements for ^ pTyr 4, 
and the open nature of its surroundings, makes the pocket appear 
incomplete. Parts a and b were generated using MidasPlus* 7 ; c was 
generated with Sybyl (Tripos). 
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FIG. 4 The interface between the SH2 domains. Following the conven- 
tion established in Fig. 3, carbon atoms for ZAP-N, ZAP-C and the pep- 
tide are illustrated in cyan, green and yellow, respectively. Each SH2 
domain contributes nine residues to the interface. An extensive network 
of hydrogen bonds is present; the most prominent contacts are indica- 
ted by broken lines. Interactions involving <; pTyr 15 are described in 
Fig. 3b. Several hydrophobic contacts also exist, of which the most 
provocative is the protrusion of Arg41 (ZAP-N BC loop) into a small 
hydrophobic depression formed by Phe 229 (ZAP-C pF), Tyr 238 (ZAP-C 
aB) and the side chain of Thr 227 (ZAP-C EF loop). This is most evident 
in the density map of Fig. la. Arg41 also has three hydrogen-bonding 
contacts to ZAP-C. This is the first of three residues in the BC loop of 
ZAP-N that form an artificial parallel sheet with strand F in ZAP-C. Only 
one of the three hydrogen-bonding contacts involves main-chain atoms 
exclusively. This figure was generated using MidasPlus 47 . 



[Antigen presenting cell ] 

FIG. 5 Schematic view of 
ZAP-70 bound to £ t of the 
activated TCR. Left, activa- 
tion of T cells is initiated by 
association of the TCR with 
a peptide antigen bound to 
the major histocompatibility 
complex (MHC) on an anti- 
gen-presenting cell. TCR- 
MHC association stimulates 
phosphorylation of TCR 
subunits on tyrosines 
(shown in red) within the 
ITAMs. ZAP-70 binds to the 
phosphorylated ITAM by 
means of its SH2 domains 
(residues 1-259). The posi- 
tions of the other domains 
of ZAP-70, referred to as 
interdomain B (residues 
260-310) and catalytic 
domain (residues 311- 
620), have not been deter- 
mined, and their positions 
as shown are hypothetical. 
Two ZAP-70 molecules 
could bind to the activated 
TCR complex, as the ^-sub- 
unit is present as a disul- 
phide-linked dimer. Right, 
schematic representation of 
the complex between the 
SH2 domains of ZAP-70 in 
complex with the doubly 

phosphorylated ^ ITAM. The SH2 domains of ZAP-70 make extensive 
contacts with ^i. The primary determinants of binding are the phospho- 
tyrosine (red) and leucine (yellow) residues of two pYXXL sequences 
within an ITAM. The structure reveals a unique binding pocket for the 
pY of the C-proximal pYXXL motif in the interface between the two SH2 




domains. In addition, the crystal structure reveals that interdomain A 
forms a coiled coil. This domain may participate in positioning the two 
SH2 domains for association with ITAMs, and in communicating struc- 
tural changes to interdomain B and/or the kinase domain upon receptor 
engagement. 
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interaction of p85 with the pUO catalytic subunit of PI(3)K M . 
The inter-SH2 region could be involved in interactions with pro- 
teins that regulate ZAP-70, such as Lck or Fyn, or that are 
substrates for ZAP-70. As there is at least one tyrosine in the 
inter-SH2 region that is phosphorylated by Lck in vitro* 5 , such 
interactions could involve SH2 domains from other proteins. 

We anticipate that Syk will also exhibit these structural 
features as a result of the functional similarities and its sequence 
identity of 57%. Syk is expressed in several types of haemato- 
poietic cells, and functions in mast cells and B cells by binding 
to ITAM sequences in the cytoplasmic domains of IgE and B- 
cell receptors, respectively 31 . Most of the residues in ZAP-NC 
that contact pTyr 1 5 are conserved in the corresponding posi- 
tions in Syk 36 . The N-terminal SH2 domain of Syk does not 
bind to phosphotyrosine ligands or to phosphotyrosine affinity 
columns , which suggests that this phosphotyrosine site also 
requires the C-terminal SH2 domain for it to form a complete 
pocket. It is known that doubly phosphorylated peptides derived 
from the y ITAM of the IgE receptor induce Syk activation 32 
We therefore infer that this complex of ZAP-NC with ^ rep- 
resents the conformation of the SH2 domains in the activated 
kinase. 



ZAP-70 is an attractive target for the development of potent 
immunosuppressive drugs. It is required for T-cell -mediated 
immune responses in humans, and its loss does not affect 
other tissues 8 . Thus ZAP-70 antagonists would inhibit T-cell 
function specifically and avoid the well-documented toxicity 
of currently used immunosuppressives. Tacrolimus (FK506) and 
cyclosporin 38 41 exhibit side effects that limit their application 
largely to organ transplant rejection 38 . Therefore new immuno- 
suppressive drugs with lower toxicity are needed to expand the 
routine use of such therapies to autoimmune diseases. 

One approach to the inhibition of T-cell activation is to 
develop non-peptidic molecules that prevent ZAP-70 association 
with the TCR. Because both ZAP-70 SH2 domains are required 
for TCR coupling, a membrane- permeable inhibitor that binds 
with high affinity to either SH2 domain of ZAP-70 or that alters 
the structure of the interface should inhibit ZAP-70 function in 
activated T cells. The crystal structure provides the molecular 
details of ZAP-70 interactions with the TCR. The unique 
structural features of each SH2 domain and the unanticipated 
interfaces can be exploited for structure-based design of 
specific ZAP-70 ligands and structurally biased combinatorial 
libraries. □ 



Received 1 June; accepted 13 July 1995. 

1. Weiss, A. & Littman, D. R. Cell 79, 263-274 (1994). 

2. Isakov, N„ Wange. R. L. & Samelson, L E. J. Leuk. Biol. 58, 265-271 (1994). 

3. Reth. M. Nature 338, 383-384 (1989). 

4. Weiss. A. Cell 73, 209-212 (1993). 

5. Wange. R. L, Matek, S. N.. Desiderio. S. & Samelson. L. E. J. biol. Chem. 288, 19797- 
19801 (1993). 

a Chan. A.. Irving, B. A., Fraser, J.D. & Weiss. A. Proc. natn. Acad. Sci. U.SA 88, 9166-9170 

(1991) . 

7. Chan. A. C Iwashima, M.. Turck, C. W. & Weiss, A. Cell 71, 649-662 (1992). 

8. Elder. M. E. et al. Science 264, 1596-1599 (1994). 

9. Arpaia, E., Shahar. M.. Oadi. H„ Cohen. A. & Roifman. C. M. Cell 78, 947-958 (1994). 

10. Wange. R. L ef at. J. biol. Chem. 270, 944-948 (1995). 

11. Letourneur. F. & Klausner. R. D. Proc. natn. Acad. Sci. U.SA. 88, 8905-8909 (1991). 

12. Gauen. L K. T. ef al. Mo/ec. cell. Biol. 14, 3729-3741 (1994). 

13. Iwashima. M.. Irving. B. A., van Oers. N. S. C. Chan, A. C. & Weiss. A. Science 283, 1136- 
1139 (1994). 

14. Cohen, G. B., Ren. R. & Baltimore, D. Cell 80, 237-248 (1995). 

15. Pawson. T. Nature 373, 573-580 (1995). 

16. Waksman. G. et al. Nature 388, 646-653 (1992). 

17. Booker, G. W. et ai. Nature 388, 684-687 (1992). 

18. Overduin. M.. Rios. C. B.. Mayer. B. J., Baltimore. D. & Cowburn. D. Cell 70, 697-704 

(1992) . 

19. Eck, M. J., Shoetson, S. E. & Harrison. S. C. Nature 382, 87-91 (1993). 

20. Waksman. G.. Shoelson. S. E.. Pant. N.. Cowburn. D. & Kuriyan. J. Ceil 72, 779-790 (1993). 

21. Lee. C. et al. Structure 2, 423-438 (1994). 

22. Pascal, S. M. ef al. Cell 77, 461-472 (1994). 

23. Mikol. V.. Boumann, G.. Keller, T. H., Manning, U. & Zurini. M. G. J. mo/ec. Biol. 248, 344- 
355 (1995). 

24. Eck, M. J., Atwell. S. K., Shoelson. S. E. & Harrison. S. C. Nature 388, 764-769 (1994). 



25. Maigan. S. et al. Science 288, 291-293 (1995). 

26. Janin. J. & Chothia. C. J. biol. Chem. 288, 16027-16030 (1990). 

27. Isakov, N. et al. J. exp. Med. 181, 375-380 (1995). 

28. Koyasu. S. et al. Proc. natn Acad. Sci. U.SA. 91, 6693-6697 (1994). 

29. Cohen. C. & Parry. D. A. D. Sc/ence 283, 488-489 (1994). 

30. Carpenter. C. L. ef al. J. biol. Chem. 268, 9478-9483 (1993). 

31. Tantguchi. T. ef al. J. biol. Chem. 288, 15790-15796 (1991). 

32. Shiue. U Zoller, M. J. & Brugge, J. S. J. biol. Chem. 270, 10498-10502 (1995). 

33. Rowley. R. B., Burkhardt A. L. Chao. H. G., Matsueda, G. R. & Bolen. J. B. J. biol. Chem. 
270, 11590-11594 (1995). 

34. Dhand. R. et al. EMBO J. 13, 511-521 (1994). 

35. Watts. J. 0. et al. J. biol. Chem. 269, 29520-29529 (1994). 

36. Koch. C. A.. Anderson. D., Moran. M. F., Ellis, C. & Pawson. T. Sc/ence 282, 668-674 
(1991). 

37. Shiue. L et al. Mo/ec. cell. Biol. 18, 272-281 (1995). 

38. Oumont. F. J. et al. J. exp. Med. 178, 751-760 (1992). 

39. Liu, J. et al. Cell 68, 807-815 (1991). 

40. Liu. J. et al. Biochemistry 31, 3896-3901 (1992). 

41. Sigal. N. H. et al. J. exp. Med. 173, 619-628 (1991). 

42. Otwinowski, Z. Data Collection and Processing (SERC Daresoury Laboratory. Warrington. 
1993). 

43. CCP4 CCP4: A Suite of Programs for Protein Crystallography (SERC Collaborative Computing 
Project no. 4, Warrington, 1979). 

44. Jones. T. A.. Zou. J. Y., Cowan. S. W. & Kjeldgaard. M. Acta crystallogr. 47, 110-119 (1991). 

45. Brunger, A. XPLOR. Version 3.1. A System for X-Ray Crystallography and NMR (Yale Univ. 
Press, New Haven. CT. 19921 

46. Connolly. M. L Sc/ence 221, 709-713 (1983). 

47. Ferrin. T. E. J. mo/ec. Graph. 6, 13-27 (1988). 

ACKNOWLEDGEMENTS. We thank S. L Schreiber. J. S. Brugge and M. Weigele for comments 
and discussions. Coordinates will be deposited in the Brookhaven Protein Data Bank. 



Yours to have and to hold 

BUT NOT TO COPY 



The publication you are reading is 
protected by copyright law. 

Photocopying copyright material 
without permission is no different from 
stealing a magazine from a newsagent, 
only it doesn't seem like theft. 



If you take photocopies from books, 
magazines and periodicals at work 
your employer should be licensed 
with CLA. 

Make sure you are protected by a 
photocopying licence. 



CLA 



The Copyright Licensing Agency Limited 
90 Tottenham Court Road, London W1P0LP 

Telephone: 0171 436 5931 Tax: 0171 436 3986 



38 



NATURE • VOL 377 • 7 SEPTEMBER 1995 



EXHIBIT H 



AMENDMENT IN RESPONSE TO JULY 22, 2009 OFFICE 
ACTION AND PETITION FOR ONE -MONTH EXTENSION OF 

TIME 



Serial No. 10/568,396 

Filed: August 31, 2006 
Applicants: Stephen P. Goff and Guangxia Gao 



Docket No. 0575/67489-PCT-US/JPW/BJA/MJP 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 



: Stephen P. Goff and Guangxia Gao 



International 

Application No. : PCT/US2004/026162 



Serial No. 



10/568,396 



Examiner 



Liu, S. 



Filed 



August 31, 2006 



Art Unit 



1656 



For 



ZAP PROTEIN AND RELATED COMPOSITIONS AND METHODS 



30 Rockefeller Plaza 
20^ Floor 

New York, New York 10112 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

DECLARATION UNDER 37 C « F » R . SI. 132 

I, Stephen P. Goff, hereby declare that: 

1. I am the Stephen p. Goff named as an inventor on the above- 
identified application. 

2. I understand that the. claims attached hereto as Exhibit 1 are 
pending in the above- identified application and have been 
rejected on the basis of Gao et al. Science 2002 September 6; 
297(5587) :1703-6 {hereinafter Gao et al.). 

3 - I am a named author on Gao et al. Guangxia Gao and Xuemin Guo 
are co-authors. 

4. Guangxia Gao is named as a coinventor on the above- identified 
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application. He and X conceived of the invention recited in 
both the pending claims (Exhibit 1) and the claims attached, 
hereto as Exhibit 2. 

5. Xuemin Guo performed experiments described in Gao et al, under 
Guangxia Gao 's or- my direction and supervision- He did not 
contribute to the conception of the invention recited in 
either the pending claims (Exhibit 1) or the claims attached 
hereto as Exhibit 2 . 

I declare that all statements made herein of my own knowledge 
are true and that all statements made herein on information and 
j belief are believed to be true; and further that these 

statements were made with the knowledge that willful false 
statements and the like sq made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the 
United States Code, and that such willful false statements may 
jeopardize the validity of the subject application or any patent 
issuing thereon. 
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Exhibit 1; Pending claims as of April 8, 2009 Amendment 

1. (Original) An isolated ZAP protein. 

2. (Original) The protein of claim 1, wherein the protein is 
a human ZAP protein. 

3. (Original) The protein of claim 1, wherein the protein is 
a rat ZAP protein. 

4. (Original) The protein of claim 1, wherein the protein is 
a mouse ZAP protein. 

5. (Original) The protein of claim 1, wherein the protein 
comprises the amino sequence set forth in SEQ ID NO: 1. 

6. (Original) The protein of claim 1, wherein the protein 
has deleted from it a region which causes protein 
instability. 

7. (Original) The protein of claim 6, wherein the region is 
the WWE region. 

8-36. (Canceled) 

37. (Currently Amended) A method for increasing the amount of 
ZAP protein in a subject's cells which comprises 
administering to the subject an amount of ZAP protein the 
protein of claim 1 effective to increase the amount of 
ZAP protein in the subject's cells. 
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38-56. (Canceled) 

57. (New) The method of claim 37, wherein the subject is a 
human. 

58. (New) A method for increasing resistance to a virus in a 
subject which comprises administering to the subject an 
amount of the protein of claim 1 effective to increase 
the amount of ZAP protein in the subject's cells, so as 
to thereby increase resistance to the virus in the 
subject . 

59. (New) The method of claim 58, wherein the subject is a 
human. 

60. (New) The method of claim 58, wherein the virus is an 
alpha virus . 

61. (New) The method of claim 58, wherein the virus is West 
Nile virus . 
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1. (Currently Amended) An isolated mammal ian Z inc - f inger 
antiviral protein (ZAP) S AP protein which: 

(a) comprises four CCCH-type zinc finger motifs; and 

(b) when present in a mammalian cell infected with a 
retrovirus, binds to RNA of the retrovirus, so as to 
inhibit replication of the retrovirus in the cell. 

2-5. (Canceled) 

6. (Original) The protein of claim 1, wherein the protein has 
deleted from it a region which causes protein instability. 

7. (Currently Amended) The protein of claim 6, wherein the region 
is the WWE domain region . 

8-36. (Canceled) 

37. (Withdrawn; Currently Amended) A method for increasing the 
amount of ZAP Zinc-finger antiviral protein (ZAP) protein 
in a subject's cells which comprises administering to the 
subject an amount of the protein of claim 1 effective to 
increase the amount of Zinc-finger antiviral protein (ZAP) 
SAP protein in the subject's cells. 



38-56. (Canceled) 
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57. (Withdrawn) The method of claim 37, wherein the subject is 
a human. 

58. (Withdrawn; Currently Amended) A method for increasing 
resistance to a retrovirus virus in a subject which 
comprises administering to the subject an amount of the 
protein of claim 1 effective to increase the amount of 
Zinc- finger antiviral protein (ZAP) SAP protein in the 
subject's cells, so as to thereby increase resistance to 
the retrovirus viruo in the subject. 

59. (Withdrawn) The method of claim 58, wherein the subject is 
a human. 



60-61. (Canceled) 



